Abstract. Long noncoding RNAs (lncRNAs) are able to regulate adjacent genes and thus participate in the incidence in the present study has identified lncRNA AP003419.16, adjacent to the protein-coding gene ribosomal protein S6 kinase B-2 (RPS6KB2). RPS6KB2 is believed to be involved in the process of aging and idiopathic pulmonary fibrosis (IPF), due to its activation by growth factors and regulation by the protein kinase mTOR signaling pathway. The results of the present study indicated that the expression of AP003419.16 increased significantly in patients with IPF, whereas its adjacent gene ribosomal protein S6 kinase B-2 increased simultaneously. AP003419.16 expression may be used to predict an increased risk of aging-associated IPF. The present study provided a molecular hypothesis of IPF occurrence in the aging process, in addition to novel molecular targets for the clinical treatment of IPF.
Introduction
The occurrence of tissue and organ fibrosis is a hallmark of the aging process, and pulmonary fibrosis is no exception. The replicative senescence of alveolar epithelial cells is a prominent pathological finding in idiopathic pulmonary fibrosis (IPF) (1, 2) . IPF occurs primarily in the elderly, and the incidence of IPF is low in younger people (3) . A previous study demonstrated that the occurrence of IPF may be associated with the epigenetic deregulation mechanisms, which are associated with aging (4) . It has been previously reported that long non-coding RNAs (lncRNAs) may be associated with the occurrence of pulmonary fibrosis. A previous study observed that lncRNAs may regulate epithelial-mesenchymal transition in a bleomycin-induced rat model (5) . LncRNAs may be involved in aging (6) and the regulation of aging-associated diseases (7) . It has been previously reported that the protein kinase mTOR (mTOR) signaling pathway may have an important role in the aging process (8, 9) . A number of factors are closely associated with aging, including stress, growth factors, nutritional status and energy supply, which affect the mTOR signaling pathway. Therefore, the mTOR signaling pathway may respond to various stimuli and alterations in the body during the aging process (10) . Studies have demonstrated that lncRNAs and the mTOR signaling pathway are involved in the process of aging and IPF; therefore, the present study hypothesized that if there were alterations in the lncRNAs associated with mTOR, this may provide further evidence of the association between IPF and aging.
Transforming growth factor-β1 (TGF-β1) has been demonstrated to have a multifunctional role in IPF. It has been previously reported that TGF-β1 is able to induce rapid senescence in A549 cells without significantly inhibiting cell growth, and may further direct A549 cells to enter a replicative senescent state (11) . TGF-β1 has an important function in the pathogenesis of IPF (12) . Pulmonary fibrosis has been observed to occur in the elderly in clinical setting; however, the underlying mechanism remains to be elucidated.
Therefore, the present study aimed to investigate the differential expression of lncRNAs using high-throughput sequencing and bioinformatics analysis.
Materials and methods
Study population. According to diagnostic criteria established by the American Thoracic Society (13), 24 patients with IPF were selected. Simultaneously, 24 healthy controls were selected (both female:male, 2:18; age, 65±2.2 vs. 65±3.8 years). A total of 4 patients with IPF and 4 healthy controls (all males; age, 67±3.2 vs. 64±2.8 years; P>0.05) were selected at random and 3 ml venous blood was extracted for transcriptome sequencing and bioinformatics analysis. All the peripheral blood was snap-frozen in liquid nitrogen immediately following collection and stored at -80˚C prior to Upregulation of long noncoding RNA AP003419.16 predicts high risk of aging-associated idiopathic pulmonary fibrosis RNA extraction. Blood samples were obtained from patients and health controls at The First Affiliated Hospital of Shanxi Medical University from January 2016 to July 2016 (Taiyuan, China). All the methods were performed in accordance with the approved guidelines. The present study was approved by the Shanxi Medical University Ethics Committee. Written informed consent was obtained from patients and healthy individuals.
RNA extraction and sequencing. Total RNA was extracted from blood samples using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA), according to the manufacturer's protocol. The integrity of the RNA was evaluated using a NanoDrop ND-1000 spectrophotometer (NanoDrop Technologies; Thermo Fisher Scientific, Inc., Wilmington, DE, USA) and standard denaturing 1% agarose gel electrophoresis. RNA libraries were constructed using rRNA-depleted RNAs with the TruSeq Stranded Total RNA Library Prep kit (Illumina, Inc., San Diego, CA, USA), according to the manufacturer's protocol.
Total RNA (1 µg) was used to remove the rRNAs using the Ribo-Zero Gold kit (Illumina, Inc.). Libraries of 10 pM were denatured as single-stranded DNA molecules, captured on Illumina flow cells, amplified in situ as clusters and finally sequenced for 150 cycles on an Illumina HiSeq Sequencer (Illumina, Inc.) according to the manufacturer's protocol. Cutadapt version 1.9 (14) and TopHat software (version 2.0.13) (15) were used to further analyze the results. Subsequently, cuffdiff (version 2.2.1) (cole-trapnell-lab.github .io/cufflinks/cuffdiff) was used to obtain the gene level in fragments per kilobase of transcript per million mapped reads (FPKM), as the expression profiles of lncRNAs and mRNAs, and fold-changes and q-values were calculated based on the FPKM. Differentially-expressed lncRNAs and mRNAs were identified.
Gene ontology (GO) analysis and pathway analysis. GO and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analyses were performed to facilitate the elucidation of the biological implications of unique genes, and to identify significant pathways in the present study (16) . In order to elucidate the potential roles of differentially-expressed lncRNAs, the KEGG database (www.genome.jp/kegg) was used to identify significant pathways for predicted target genes. GO term enrichment and the biological pathways used significant P-values (P<0.05) associated with the target genes of differentially-expressed lncRNAs. Pathway analysis is a functional analysis which facilitates the mapping of genes to KEGG pathways. The NCBI database (www.ncbi .nlm.nih.gov/) records gene-specific information, including gene naming, map location, gene product and its properties, markers, phenotype and sequences, and this information was available to the present study. Ensembl database (www .ensembl.org/index.html) has been used for the annotation, analysis and display of vertebrate genomes in the present study. Differentially-expressed mRNA pathway analysis may be used to infer their biological functions. The Fisher P-value denotes the significance of the correlation of the pathway to the condition. P<0.05 was considered to be the threshold for significance.
A549 cells in culture and β-galactosidase activity. A549 (American Type Culture Collection, Manassas, VA, USA) cells are adenocarcinomic human alveolar basal epithelial cells. The A549 cells used in the present study were cultured in RPMI 1640 (Gibco; Thermo Fisher Scientific, Inc.) medium. All medium was supplemented with 10% fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA), in a humidified air atmosphere of 5% CO 2 at 37˚C. Trypsin (0.25% with 1 mM EDTA; Invitrogen; Thermo Fisher Scientific, Inc.) was used to harvest the cells for further experiments.
A549 cells were seeded in 6-well plates, incubated for 7 day at 37˚C and the cell culture medium was replaced every other day. TGF-β1 (Austral Biologicals, San Ramon, CA, USA) was added every other day to the culture at a final concentration of 10 ng/ml (11) . There were two groups in the present study: A549 cells and A549 cells treated with TGF-β1 for 7 days.
X-gal (Wuhan Boster Biological Technology, Ltd., Wuhan, China) is a chromogenic substrate of β-galactosidase, which produces a blue product under the catalysis by β-galactosidase. Cells at a density of 1x10 6 cells per well in 6-well plates were fixed in 3% formaldehyde at 4˚C for 15 min. Subsequently, the cells were then incubated with staining solution (composed of 40 mM citric acid sodium phosphate, 1 mg/ml X-gal, 5 mM potassium ferricyanide, 150 mM NaCl and 2 mM MgCl 2 ) at 37˚C for 12 h. β-galactosidase positive cells were enumerated by counting over 400 cells in three in dependent fields.
Validation of differential expression of lncRNA and mRNA with reverse transcription-quantitative polymerase chain reaction (RT-qPCR) analysis.
In order to validate the sequencing results, the remaining twenty samples were analyzed to exclude the individual differences. A549 cells were used to validate the hypothesis that AP003419.16 and gene ribosomal protein S6 kinase B-2 (RPS6KB2) may be associated with aging and IPF.
Total RNA was prepared using TRIzol (Invitrogen; Thermo Fisher Scientific, Inc.) and reverse-transcribed using an RNA-to-cDNA kit (Takara Biotechnology Co., Ltd., Dalian, China). Reverse transcription was performed to convert the extracted RNA into cDNA with an oligo (dT) primer (Takara Biotechnology Co., Ltd.) and reverse transcriptase Master mix (Takara Biotechnology Co., Ltd.) and incubated at 37˚C for 15 min and 85˚C for 5 sec. RT-qPCR analysis is the gold standard for data verification. The expression levels of lncRNAs and mRNAs were determined using SYBR Green I-based qPCR (Takara Biotechnology Co., Ltd.). The reaction conditions were 95˚C for 10 min, followed by 40 cycles of 95˚C for 10 sec and 60˚C for 60 sec. β-actin was used as an endogenous control. Primer Premier version 5.0 (Primer Biosoft International, Palo Alto, CA, USA) was used to design the primers. The primers were as follows: AP003419.16 forward, TTA ATC TTC CAC GGG AGC AG and reverse, GCT GTG AGA GCA GCA GGA C; RPS6KB2 forward, TCC ACT CCT GCC ACC GC and reverse, TCG CCA CCT GCC TCA CA; and β-actin forward, GTG GCC GAG GAC TTT GAT TG and reverse, CCT GTA ACA ACG CAT CTC ATA TT. The relative expression levels of AP003419.16 and RPS6KB2 were calculated using the comparative 2 -∆∆Cq method (17) .
Statistical analysis. All statistical data were analyzed using SPSS 17.0 software (SPSS, Inc., Chicago, IL, USA). Results are expressed as mean ± standard deviation. Student's t-test were used for inter-group comparisons. P<0.05 was considered to indicate a statistically significant difference.
Results
lncRNA and mRNA expression. Compared with the control group, it was observed that there were 440 lncRNAs that were upregulated and there were 1,376 lncRNAs that were downregulated in the IPF group. There were 1,816 differentially-expressed lncRNAs identified by this screening, as presented in Fig. 1A . A total of 12 differentially expressed lncRNAs were randomly selected (upregulated lncRNAs: AP003419.16, AB586698, ADSS, AF080092, AF520792, A K126278; down reg ulated l ncR NAs: A B062083, ADAMTSL4-AS1, ADRM1, ADSL, AF063596, AJ276246) from the aberrantly-expressed lncRNAs for further analysis. The present study examined AP003419.16, which was upregulated in the transcriptome sequencing results. Compared with the control group, it was observed that there were 361 mRNAs that were upregulated and there were 1,124 mRNAs that were downregulated in the IPF group. There were 1,485 differentially-expressed mRNAs identified by this screening in Fig. 1B .
Pathway analysis. GO and KEGG pathway analysis of differentially-expressed mRNAs provided a measure of the critical function. The most enriched GO term was associated with regulation of chromosome segregation in the GO biological process analysis (Table I ). Significant pathways (Table II; Fig. 1C) were identified for predicting the target lncRNA genes according to the KEGG database. The mTOR signaling pathway was observed to be associated with aging, in addition to with the IPF. According to the KEGG database, the Fisher P-value was 0.04 (P<0.05) and the enrichment score was 1.37. According to their position in the genome, which is associated with protein-coding genes, lncRNAs may be divided into six types: Exon sense-overlapping; intronic antisense; natural antisense; intergenic; bidirectional; and intron sense-overlapping (18, 19) . According to the result of transcriptome sequencing and bioinformatics analysis in the the IPF group and the control group, it was found that natural antisense represented 22.0% of the total lncRNAs in the IPF group (Fig. 1D) . Natural antisense accounted for 22.2% in the control group (Fig. 1E) . Target lncRNA. RPS6KB2 is involved in the process of aging and pulmonary fibrosis, given its activation by growth factors and its regulation by the mTOR signaling pathway. RPS6KB2 is an important molecule in the mTOR signaling pathway (Table II) . It was demonstrated that the adjacent gene mRNA to RPS6KB2 was AP003419.16, using bioinformatics analysis. AP003419.16 is located on chromosome 11 at approximate locations (chr11: 67195930-67202872), and the adjacent gene is RPS6KB2. According to the result of our transcriptome sequencing and bioinformatics analysis in the the IPF group and the control group, it was found that the lncRNA AP003419.16 is one of the differentially expressed lncRNAs, and the fold change between two groups was 1.92. According to the Ensembl database, the gene ID of AP003419.16 is ENSG00000255949, which is 470 bp in length and the biotype is antisense.
A549 cells. A549 cells were polygonal in the normal state ( Fig. 2A) . When cultured in the presence of 10 ng/ml TGF-β1 for 7 days, A549 cells exhibited rapid morphological change (Fig. 2B) . A marked increase in the X-gal positive A549 cells was observed following the addition of TGF-β1 for 7 days. TGF-β1 was able to direct A549 cells to a replicative senescent state (Fig. 3) .
RT-qPCR validation. In order to validate the results independently and to determine the role of lncRNAs in patients with IPF, RT-qPCR analysis was used. AP003419.16 and RPS6KB2 were highly expressed in the 20 patients with IPF and exhibited reduced expression in the control group, according to the results of the RT-qPCR (Fig. 4; P<0.05) . Similarly, AP003419.16 and RPS6KB2 were recorded at higher expression levels in TGF-β1-treated A549 cells compared with the control group ( Fig. 5; P<0 .05).
Discussion
The clinical treatment for IPF predominantly relies on ventilator maintenance, although outcomes are poor. According to the American Thoracic Society treatment principles, the treatment of choice for IPF is lung transplantation (20) . However, due to high cost of treatment and short survival time, lung transplantation represents a psychological and economic burden on patients with IPF and their families. Understanding the regulatory functions of lncRNAs in lung fibroblasts may provide novel insights for IPF therapy.
LncRNAs are transcribed RNAs that are >200 nucleotides long. Previous studies have suggested that lncRNAs may act as competitive endogenous RNAs and are involved in physiological and pathological processes (21-23) According to their position in the genome, which is associated with protein-coding genes, lncRNAs may be divided into six types (18, 19) : Exon sense-overlapping; intronic antisense; natural antisense; intergenic; bidirectional; and intron sense-overlapping. LncRNAs are able to regulate gene expression through various mechanisms as follows (24): LncRNA transcription may interfere with the expression of adjacent genes; or, it may act via the transcription of protein-coding genes to form complementary double-stranded regulatory gene expression. The expression levels of specific lncRNAs may be altered during the progression of a disease; therefore, they may be used as a marker for its diagnosis. LncRNAs are able to regulate adjacent genes and thus contribute to the incidence of associated diseases (25) . Antisense lncRNAs may form stable double-stranded structures with adjacent mRNAs and regulate their expression to facilitate the development of disease (26) . Antisense lncRNAs are able to regulate the inhibitory effect of microRNAs on adjacent mRNAs in the development of disease (27) . Antisense lncRNAs are involved in the regulation of aging-associated diseases (28, 29) and aging-associated pathways (30) . A previous study observed that lncRNAs may regulate pulmonary fibrosis during pulmonary epithelial cell transformation in a pulmonary fibrosis animal model (5) . It has additionally been reported that the silencing of lncRNAs may inhibit cell proliferation and α-smooth muscle actin expression, whilst increasing collagen expression, in pulmonary fibroblasts (31) . These previous findings suggested that lncRNAs may be involved in the occurrence of aging and IPF.
Rapamycin, an anti-aging drug, is effective in extending mammalian life and in the treatment of diseases, including premature aging (32) . In a bleomycin-established IPF animal model, lung epithelial cells were protected by mTOR signaling pathway inhibitors, which may have therapeutic implications in pulmonary fibrosis (33, 34) . mTOR has been previously reported to be associated with collagen production in IPF and promote the pathogenesis of IPF (35) . mTOR expression has been observed to be associated with the degree of pulmonary fibrosis in IPF (36) .
According to the KEGG pathway analysis performed by the present study, RPS6KB2 is an important gene in the mTOR signaling pathway. According to the NCBI database, the protein encoded by the mRNA is a ribosomal S6 kinase (S6K), which contains a kinase catalytic domain and may phosphorylate the S6 ribosomal protein. RPS6KB2 primarily regulates cell senescence and the cell cycle through phosphorylation of S6K. S6K is involved in regulating the physiological processes of DNA replication and translation. RPS6KB2 is associated with aging and pulmonary fibrosis. The S6K pathway is involved in the progression of pulmonary fibrosis (37) .
High-throughput sequencing and bioinformatics analysis performed in the present study identified AP003419.16 to be adjacent to the protein-coding gene RPS6KB2. RPS6KB2 is believed to be involved in the process of aging and pulmonary fibrosis, due to its activation by growth factors and regulation by the mTOR signaling pathway. The expression levels of AP003419.16 and RPS6KB2 were higher in the 20 patients with IPF compared with the control group, as demonstrated by RT-qPCR analysis.
TGF-β1 has an important role in the pathogenesis of IPF, and is considered to be an important profibrotic factor (38, 39) . The results of the present study demonstrated a marked increase in the number of X-gal-positive A549 cells following treatment with TGF-β1 for 7 days. TGF-β1 was additionally demonstrated to direct A549 cells to a replicative senescent state. AP003419.16 and RPS6KB2 were highly expressed in TGF-β1-treated A549 cells compared with the control group. Therefore, IPF may be associated with senescence at the cellular level.
The present study demonstrated that the expression of AP003419.16 increased significantly in patients with IPF, while its adjacent gene RPS6KB2 increased simultaneously. Analysis of the expression of AP003419.16 may predict an increased risk of aging-associated IPF. The findings of the present study elucidated a molecular hypothesis of IPF progression in the aging process and provided novel molecular targets for clinical treatment of IPF.
